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ION-CONDUCTING COMPOSITE MEMBRANES 

Field of the Invention 
The present invention relates generally to the field of ionically conducting 
5 separators and more particularly to methods of fabricating ion-conducting 
composite membranes and to ion-conducting composite membranes obtainable 
using such methods, especially in relation to electrochemical devices like fuel 
cells requiring a proton conductor. 

1 o Background of the Invention 

The operation of an electrochemical cell requires the occurrence of 
oxidation and reduction reactions which produce or consume electrons. In 
. operation, an electrochemical cell is connected to an external load or to an 
external voltage source and electric charge is transferred by electrons between 

15 the anode and the cathode through the external circuit. To complete the 
electrical circuit through the cell, an additional mechanism must exist for 
internal charge transfer. This mechanism includes one or more electrolytes, 
which support charge transfer by ionic conduction. Electrolytes must be poor 
electronic conductors to prevent internal short circuiting of the cell. 

20 One category of electrolytes particularly suitable for use in conjunction 

with electrochemical cells are proton exchange membranes (PEM). PEMs 
usually consist of a polymer matrix to which are attached functional groups 
capable of exchanging cations or anions. The polymer matrix generally consists 
of an organic polymer such as polystyrene, polytetrafluoroethylene (PTFE) or 

25 other polytetrafluoroethylene (PTFE) analogs. In general, the material is acid 
with a sulfonic acid group incorporated into the matrix. 

The apparent advantages of using PEMs in fuel cells are numerous. The 
solid electrolyte membrane is simpler and more compact than other types of 
electrolytes. Also, the use of a PEM instead of a liquid electrolyte offers several 

30 advantages, such as simplified fluid management and elimination of the 
potential of corrosive liquids. In systems using a PEM, the membrane also 
serves as an electronically insulating separator between the anode and the 
cathode. However, a number of properties are desirable when using an acid ion 
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exchange membrane as an electrolyte. These include: high ionic conductivity 
with zero electronic conductivity; low gas permeability; resistance to swelling; 
minimal water transport; high resistance to dehydration, oxidation, reduction 
and hydrolysis; a high cation transport number; surface properties allowing 
5 easy catalyst bonding; and mechanical strength. 

Conventional proton conducting membranes for use in polymer 
electrolyte membrane (PEM) fuel cells consist of homogeneous polymer films. 
Figures .1 and 2 are schematic diagrams depicting three examples of 
homogeneous polymer films used in polymer electrolyte membranes The 

10 polymers depicted in Figure 1 were developed at DuPont® and Dow® Chemical 
Company. These polymers represent a class of compounds known as 
perfluorosulfonic acids (PFSA). These polymers are fully fluorinated, i.e. all of 
the sites occupied by hydrogen atoms in a conventional hydrocarbon polymer 
have been replaced by fluorine atoms. This makes the polymers extremely 

15 resistant to chemical attack. 

PFSA polymers are generally synthesized by the copolymerization of a 
derivatized, or active, comonomer with tetrafluoroethylene (TFE), as illustrated 
in Figure 3. After synthesis, the thermoplastic polymer, which is both 
hydrophobic and electrochemically inert, is converted into the active ionomer by 

20 a base hydrolysis process, as illustrated. The result of this step is an ionomer in 
its salt form. This can be converted to the proton form by ion-exchange with a 
strong acid. The sulfonate functionalities (R--SO.sub.3.sup.-) act as the 
stationary counter charge for the mobile cations (H.sup.+, Li.sup.+, Na.sup.+, 
etc.) which are generally monovalent. 

25 Another type of polymer, illustrated in Figure 2, is a derivatized 

trifluorostyrene (TFS), of the type developed by Ballard® Advanced Materials. 
This polymer has a fully fluorinated backbone, but some of the side chains have 
hydrogen atoms. 

The polymer is synthesized by copolymerizing derivatized and non- 
30 derivitized trifluorostyrene monomers. This process also produces an 
electrochemically inactive thermoplastic. In this system the derivatized 
monomers create the inert sites while the non-derivatized monomers can be 
sulfonated. The result of this process is a proton conducting polymer. 
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Other homogeneous proton conducting polymers are tabulated in Table 
I. All of these polymers tend to have poor physical properties making them 
difficult to handle. For example, sheets of the polymers are easily torn or 
punctured, thereby requiring a minimum usable thickness of about 50 
5 micrometers. 

TABLE I (Other Homogeneous Polymer Electrolytes) 

Manufacturer Polvmer 

10 DAIS Corp. Sufonated styrene-butadiene block copolymer 

Maxdem, Inc. Sufonated polyparaphenylene 

(Not yet commercial) Sulfonated side chains radiation grafted to PTFE 



15 In U.S. Patent 5,547,551 Bahar et. al propose a composite membrane 

fabricated by filling the void portion of a porous substantially inert polymer 
membrane with an ionically conducting polymer. This approach starts with a 
porous membrane fabricated from an inert polymer, such as 
polytetrafluoroethylene (PTFE) and converts it to an ion conducting membrane 

20 by filling the pores with ionomer deposited from solution. This approach seeks 
thinner membranes, with membranes less than 25 micrometers thick the target. 
These membranes are more conductive than pure PFSA membranes on a 
conductivity per unit area basis, but have lower specific conductivities. The 
advantage of these membranes is their strength. A 25 micrometers membrane 

25 produced using this technology is allegedly tougher than a conventional 125 
micrometers homogeneous membrane. 

In U.S. Patent 5,654,109, Plowman et al. propose an alternate approach 
to the fabrication of reinforced membranes. In this approach, a core layer of a 
tough membrane material is clad with surface layers of highly ionically 

30 conductive polymer. Typically all of the layers are PFSA type materials, with the 
core layer having a significantly higher equivalent weight than the surface 
layers. Although it would seem that the use of a high equivalent weight polymer 
would significantly impede the proton flux, it has been allegedly experimentally 
determined that a membrane with a core having an equivalent weight as much 

35 as 20% greater than the surface layers exhibits a conductivity equivalent to a 
solid membrane with, the composition of the surface polymer. 



WO 2005/045976 PCT/EP2004/012629 

4 

In U.S. Patent 6,459,209, Cisar proposes yet another two methods of 
fabricating composite membranes wherein at least one of the two components 
is initially provided in the form of precursor. The composite material comprising 
the precursor is processed to transform the precursor and to obtain a 
5 membrane having a desired property. 

In U.S. Patent 5,525,436, Savinell et al. propose a method of fabricating 
a solid polymer electrolyte membrane comprising proton conducting polymers 
stable at temperatures in excess of 100 °C, the polymer being basic polymer 
complexed with a strong acid or an acid polymer. The proposal further relates 
10 to the use of such membranes in electrolytic cells and acid fuel cells. In 
particular, the alleged invention relates to the use of polybenzimidazole as a 
suitable polymer electrolyte membrane (Figure 4). 

In U.S. Patent 5,919,583, Grot et al. propose the method of fabricating 
composite membranes comprising polymers with cation exchange groups and 
15 inorganic filler, which is a proton conductor selected from the group consisting 
of particle hydrates and framework hydrates. Such composite membranes 
allegedly exhibit reduced fuei crossover for fuel cells employing direct feed 
organic fuels such as methanol. 

In U.S. Patents 6,059,943 and 6,387,230, Murphy et al. propose the 
20 method of fabricating inorganic-organic composite membranes consisting of a 
polymeric matrix, which may or may not be an ionic conductor in its unfilled 
form, filled with an inorganic material having a high affinity for water, capable of 
exchanging cations such as protons, and preferably with a high cation mobility, 
either on its surface or through its bulk. The polymeric matrix may contain other 
25 polymers like polysulfone (PS) and polyvinylidenefluoride (PVdF), shown in 
Figures 5 and 6 respectively. The inorganic filler may be, amongst others, 
heteropolyacid. However, according to the authors, the mixture of 
heteropolyacid and a resin described as ethylene tetrafluoride powder gives a 
thick (over 2 mm) and poorly conductive membrane. 
30 In EP-0731519, proton conductors are described that do not contain 

ionic liquids. The documents discusses only conductivity obtained at room 
temperature. In the preparation of the membranes concerned by EP-0731519, 
the Bronsted acids used are water soluble and therefore leachable from the 
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membrane in continuous operation under hydrothermal conditions, e.g. high 

temperature and steam pressure. 

In WO 02/47802, a proton conducting ceramic membrane is described 

that is infiltrated with an ionic liquid. The conductivity reported in this document 
5 was only measured at room temperature and Is in the order of 1 0" 3 S/cm. 

While some of the methods outlined above allegedly allow the fabrication 

of composite membranes that may present enhanced structural stability and 

ionic conductivity, the methods used do not allow the flexibility needed in 

fabricating composite membranes suitable for use in a wide range of 
10 applications. Thus there is a continuing need to look for membranes and 

membrane fabricating processes that allow greater flexibility in controlling the 

physical properties of the composite membranes. 

It is an object of the present invention to provide an improved ionically 

conducting separator and more particularly to provide an improved method of 
15 fabricating composite membranes and to provide composite membranes 

obtainable using such methods. 

Summary of the I nvention 
Accordingly, the present invention provides a method of making an ion- 
20 conducting composite membrane, the method including: 

a) combining an electronically and ionically non-conducting polymer, or a blend 
of at least two such polymers, in solution or in the molten state with low melting 
point salt; and then 

b) combining the product obtained from step (a) with hydrolysable organic 
25 precursor of silica; and then 

c) combining the product of step (b) with compatible organic solvent solution of 
heteropolyacid; and then 

d) casting, from the product of step (c), a membrane as a film, preferably a thin 
film. 

30 Using the method of the present invention, composite membranes 

are obtainable that are capable of conducting protons at temperatures up to 
473 K in fuej cells operating on gaseous or liquid fuels. 

The method may include casting said membrane on an inert support, for 
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example a glass plate. The method may include preparing a said blend of two 
electronically and ionically non-conducting polymers by dissolving each of the 
polymers separately in common solvent and then mixing the two solutions in 
such a way as to obtain homogeneous solution of polymer blend. 
5 The step (a) may include incremental addition of low melting point salt into 
said polymer solution or melt in such a way as to obtain a homogeneous 
mixture. 

The step (b) may include incremental addition to the product of step (a) of 
hydrolysable precursor of silica in such a way as to obtain a homogeneous 
10 mixture. 

The hydrolysable precursor of silica may be added in liquid form. 

The step (c) may include incremental addition to the product of step (b) of 
said heteropolyacid solution in such a way as to obtain a homogeneous liquid 
solution. 

15 The step (d) may include the use of a moving blade film making machine. 

The step (d) may include casting said films with a thickness between 5 and 
500 micrometers, preferably on a smooth surface. The smooth surface may 
comprise a glass plate. 

The or each polymer may be selected from the group consisting of; 
20 polysulfone (PS), polyethersulfone (PES), polyphenylsulfone (PPS), 
polyvinylidenedifluoride (PVdF) or polyimide (PI), and mixtures thereof. 

Said low melting point salt may comprise a water insoluble salt. Said water 
insoluble low melting salt may be selected from the families of imidazolium and 
pyridinium salts. The salt selected from said families may have a melting point 
25 close to room temperature, e.g. in the region of 298K. 

The hydrolysable organic precursor of silica may be selected from the family 
of alkoxysilanes. The heteropolyacid may be selected from the family of 12- 
heteropolyacids. 

The present invention also provides an ion-conducting composite 
30 membrane comprising nano-scale ion-conducting channels and a polymer 
matrix containing silica, low melting point salt and Heteropolyacid (HPA), said 
membrane preferably being obtainable using the method of the present 
invention. 



WO 2005/045976 PCT/EP2004/012629 

7 

Said ion-conducting composite membrane may have a thickness between 5 
and 500 micrometers. 

Said ion-conducting composite membrane may be cast on an inert support, 
said support preferably comprising a smooth surface such as glass. 
5 Said ion-conducting composite membrane may comprise a member of the 
group consisting of; polysulfone (PS), polyethersulfone (PES), 
polyphenylsulfone (PPS), polyvinylidenedifluoride (PVdF) or polyimide (PI), and 
mixtures thereof. 

Said low melting point salt may comprise a water insoluble low melting point 
10 salt, said water insoluble low melting salt preferably comprising a member of 
the families of imidazolium and pyridinium salts and also preferably having a 
melting point close to room temperature, for example 298 K. 

The hydrolysable organic precursor of silica comprises a member of the 
family of alkoxysilanes. The heteropolyacid may comprise a member of the 
1 5 family of 1 2-heteropolyacids. 

The present invention also provides the use of such a membrane as a 
proton exchange membrane in a fuel cell. The present invention also provides a 
fuel cell comprising such a membrane or a membrane obtained using the 
method of the present invention. 

20 

Brief Description of the Drawings 
, The present invention will now be described by way of example only and 

with reference to the accompanying drawings, in which : 

Figures 1 and 2 are schematic diagrams depicting examples of homogenous 
25 polymers used in the preparation of polymer electrolyte membranes; 

Figure 3 is a preparation scheme for Nation® in its sodium salt form; 

Figure 4 is a schematic diagram of polybenzimidazole; 

Figure 5 is a schematic diagram of polysulfone and polyethersulfone; 

Figure 6 is a schematic diagram of polyvinylidenefluoride (PVdF); and 
30 Figure 7 is a schematic representation of a composite membrane structure 

made in accordance with the present invention. 
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Detailed Description of the Invention 
Referring to the drawings, the present invention provides a method of 
making a composite cation conducting membrane, comprising an oxidation 
resistant polymeric matrix filled with inorganic oxide particles and low melting 

5 point salts forming a connected cation conducting network extending from one 
face of the membrane to another face of the membrane. In many applications 
the cations will comprise protons. The inorganic oxide particles may comprise 
silica, titania and hydrated metal oxide, preferably wherein the metal is selected 
from molybdenum, tungsten, zirconium and mixtures thereof, and most 

10 preferably wherein the inorganic oxide particles are selected from combination 
of silica and heteropolyacids. The polymeric matrix is preferably non- 
elastomeric. The polymeric matrix is preferably a synthetic organic polymer 
having a glass transition temperature greater than about 180 °C, such as 
polysulfones, polyethersulfones, polyphenylsulfones, polyimides or 

IS polyvinylidenedifluoride, and mixtures thereof. The low melting point salts are 
preferably selected from the families of imidazolium and pyridinium salts. 

. The cation-conducting composite membranes of the present invention 
may be made by several processes. One method includes: (a) combining of two 
electronically and ionically non-conducting polymers in order to obtain a 

20 homogeneous solution of polymer blend; (b) combining of polymer melt or 
solution with low melting point salt, in order to obtain a homogeneous mixture; 
(c) combining of the said homogeneous mixture with the heteropolyacid in order 
to obtain a homogeneous mixture; (d) forming of said mixture in a form of tape 
or film of thickness between 5 and 500 micrometers on the appropriate 

25 substrate, preferably with a smooth surface. 

The . composite membranes prepared by the methods described in this 
invention have good proton conductivity, high thermal stability, high tensile 
strength, are thin and flexible, have low gas permeability, have low methanol 
cross-over, and they are durable. The proton conductivity is higher than 1-10" 2 

30 Scm" 1 at 160 °C and 100% relative humidity. It may be noted that this level of 
conductivity is an order of magnitude greater than that suggested in WO 
02/47802. 

The present invention provides a process of fabricating composite 
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membranes that allows greater flexibility than much of the prior art in adjusting 
physical properties of the membrane, such as the chemical stability at operating 
temperatures higher than 373 K, mechanical strength, resistance to swelling, 
minimal water transport, high resistance to dehydration, and high ionic 
5 conductivity. The membranes fabricated by the methods of the invention are 
composite membranes comprising at least three components. Controlling the 
proportion of each component in the composite membrane allows for adjusting 
the physical properties conferred to the composite membrane by the particular 
component. For example, one component in the composite membrane may be 

10 essentially associated with the mechanical strength of the membrane, while 
another component may be essentially associated with the ionic conductivity 
properties of the membrane. Yet other components may provide control or 
influence of other qualities of the membrane. While the present specification 
focuses on components associated with the tensile strength and ionic 

15 conductivity of the composite membrane, the methods of the invention may be 
readily used in fabricating composite membranes having components 
associated with other physical or chemical qualities of the membrane. Such 
methods of fabricating composite membranes are within the scope of the 
present invention. 

20 One aspect of the invention provides processes of fabricating composite 

membranes, wherein at least one of the components is initially added to the 
composition in the form of a precursor. The composition comprising the 
precursor may then be processed to transform the precursor and obtain a 
membrane having a desired property. Obtaining an intermediate composition, 

25 comprising precursors to one or more components, may provide more flexibility 
in fabricating composite membranes with properties tailored for use in a 
particular application. 

The properties of the precursor may allow the use of certain processing 
methods that may otherwise be impractical or difficult to implement. For 

30 example, in order to obtain a nanocomposite membrane, it is advantageous to 
use precursor of a certain membrane component that allows the formation of a 
homogeneous solution appropriate for film forming and subsequently triggering 
by physical or chemical methods the in-situ formation of the desired 
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component. 

The methods of the invention allow for combining the components in the 
composite membrane over a wide range of ratios between the components. 
Depending on the use of the membrane, a certain physical property may be 

5 more desirable than the other and the proportions of the components in the 
membrane may be adjusted to obtain the desired balance between the physical 
properties provided by each component. For example, in a composite polymer 
membrane having an inert component and an ion-conducting component, when 
high ion conductivity is the more desirable quality, the proportion of the ion 

10 conducting component may be maximized and the portion of the inert 
component minimized. Conversely, in applications where the structural 
properties may be more important, the proportion of the inert component may 
be maximized and the proportion of the conducting component minimized. 

Since the methods of the invention allow intimate mixing of the 

15 components in the composite membrane, a component may be able to confer 
to the composite membrane its qualities even when the component is provided 
in minimal proportions. The methods of the invention may allow the fabrication 
of polymer compositions where the proportion of an individual component may 
vary between approximately 1 wt. % and 99 wt%. For example, in applications, 

20 such as fabricating sensing devices where ruggedness may be a more useful 
property than high conductivity, the amount of the ion conducting component, 
used in the composite membrane, may be decreased to the minimal proportion 
capable of producing a continuous network. Conversely, in applications such as 
the fabrication of power generation devices, where conductivity may be the 

25 more desirable property, the amount of inert polymer may be decreased to the 
smallest proportion capable of conferring to the composite membrane the 
desired structural integrity. 

In PEM fuel cells the membrane electrolyte may be exposed to 
extremely oxidizing conditions. Not only may one side of the membrane be 

30 exposed to air at elevated temperatures, but the fuel cell reactions themselves 
may produce trace levels of hydrogen peroxide and peroxyl radicals. These 
compounds are extremely powerful oxidizers that may readily attack 
hydrocarbons and partially halogenated polymers. Thus it may be highly 
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advantageous to use composite membranes with controlled resistance to 
oxidation. 

Controlling the membrane's resistance to oxidation may be achieved by 
including in the composite membrane a polymer having high resistance to 

5 oxidation and adjusting the proportion of such a polymer to achieve the desired 
qualities while conserving other qualities such as ionic conductivity, thickness 
and structural integrity. Polymers, such as polysulfone (PS), polyethersulfone 
(PES), polyphenylsulfone (PPS), polyvinylidenefluoride (PVdF), and polyimide 
(PI), are highly resistant to oxidation. Adjusting the proportion of these polymers 

10 in a composite membrane may allow better control of the chemical and 
structural properties of the membrane. 

While some membranes based on water-dependent proton conductors, 
such as PFSA polymers, may have high ionic conductivity, they also have a 
strong affinity for water and consequently undergo a significant change in size 

15 (swelling) when the amount or chemical potential of the water in the 
environment changes. Controlling the shape of composite membranes 
comprising a water-dependent proton conductor may be achieved by including 
in the membrane a component whose shape does not change with the 
chemical potential of the water contacting the membrane. Further, the 

20 processes of the invention may allow the fabrication of composite membranes 
where the change in the size of one component may be limited by the presence 
of another component in the membrane. 

The composite membranes fabricated by the methods of the invention 
may comprise a stable polymer matrix, appropriate carriers of proton 

25 conductivity, an inert hydrophilic filler. For example, a composite membrane can 
be film-cast from the homogeneous viscous solution containing a high glass 
transition temperature polymer, a heteropolyacid, a low melting point organic 
salt, and a solvolysable Si-containing precursor. After the membrane is formed, 
the precursor may be transformed into a form allowing the composite 

30 membrane to have one or more desired qualities associated with the 
transformed precursor. For example, a composite membrane may be fabricated 
by forming self-assembled hydrophilic and hydrophobic regions. The hydrophilic 
regions, containing Si-precursor and heteropolyacid, may furnish high proton 
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conductivity paths, while the hydrophobic regions, containing polymer and low 
melting point salt, may form a reinforcing matrix. The methods of the invention 
comprise film casting using the same techniques that may be used in 
fabricating some conventional polymer films, e.g. using a moving blade film 

5 making machine such as a "Film Applicator" from Erichsen, Germany. 

It can be noted, however, the choice of a particular polymer and other 
components of the composite membrane may be dictated by the type of 
application in which the composite membrane is intended to be used. For 
example, when the membrane is used in a fuel cell, it is important that the 

10 polymer remain flexible under fuel cell operating conditions and that it retains 
dimensional stability with changing conditions. 

A non-limiting example of a composite membrane 100 obtainable using 
the method of the present invention is shown with particular reference to Figure 
7. The composite membrane 100 forms two domains, preferably on nano-scale: 

15 one forming the ion (proton) conductive channels 102 and the other, inert 
domain, consisting prevalently of polymer matrix 104 which binds together the 
other three components (silica 106, ionic liquid 108 such as a low melting point 
salt and Heteropolyacid (HPA) Keggin units 110). Heteropolyacid consists of 
Keggih structural units, which are bound together in three-dimensional (3D) 

20 structure through hydrogen bonds. 

The ion-conducting composite membrane may have a thickness between 5 
and 500 micrometers. The ion-conducting composite membrane may be cast 
on an inert support, the support preferably comprising a smooth surface such 
as glass. The polymer may comprise a member of the group consisting of; 

25 polysulfone (PS), polyethersulfone (PES), polyphenylsulfone (PPS), 
polyvinylidenedifluoride (PVdF) or polyimide (PI), and mixtures thereof. The low 
melting point salt may comprise a water insoluble low melting point salt, said 
water insoluble low melting salt preferably comprising a member of the families 
of imidazolium and pyridinium salts and also preferably having a melting point 

30 close to room temperature, for example 298 K. The hydrolysable organic 
precursor of silica comprises a member of the family of alkoxysilanes. Such a 
membrane is preferably obtainable using the method of the present invention. 
It will be appreciated that composite membranes obtainable and 
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obtained using the method of the present invention may prove useful in fuel 
cells, in particular for use as proton exchange membranes (PEM). 

The examples now presented show aspects of the function of the 
present invention and some of its preferred embodiments. 

5 

Example 1 

6 grams of a 17 wt. % solution of polyvinylidenefluoride (Figure 6) in 
dimethylformamide were mixed with 0.5 gram of 12-tungstophosphoric acid 
hydrate, 0.5 gram butyl methyl imidazolium hexafluorophosphate, 3 mililiters of 

10 dimethylformamide and 1 mililiter of tetraethoxysilane. The mixture was 
homogenized to yield a clear viscous solution. The solution was cast on a glass 
plate and spread with a metal blade with a set film distance of 100 micrometer. 
The film was allowed to dry at room temperature (e.g. 298K) after which it was 
removed from the glass plate. Approximately 25 cm 2 of composite membrane 

15 film was then conditioned in 25 cm 3 of twice distilled water at 80 - 90 °C for 5 - 6 
hours. The thickness of conditioned membrane measured with digital thickness 
gauge was 30 micrometers. The ionic conductivity measured at 433 K and 
100% relative humidity was 3.0- 10" 2 Scm" 1 . 

20 Example 2 

6 grams of a 27 wt. % solution of polyethersulfone in dimethylformamide 
were mixed with 0.5 gram of 12-tungstophosphoric acid hydrate, 0.5 gram 1- 
ethyl-3-methyl imidazolium hexafluorophosphate, 2.5 mililiters of 
dimethylformamide and 1 mililiter of tetraethoxysilane. The mixture was 

25 homogenized to yield a clear viscous solution. The solution was cast on a glass 
plate and spread with a metal blade with a set film distance of 300 micrometer. 
The film was allowed to dry at room temperature after which it was removed 
from the glass plate. Approximately 25 cm 2 of composite membrane film was 
then conditioned in 25 cm 3 of twice distilled water at 80 - 90 °C for 5 - 6 hours 

30 and then stored in twice distilled water. The thickness of conditioned 
membrane measured with digital thickness gauge was 120 micrometers. The 
ionic conductivity measured at 433 K and 100% relative humidity was 1.4-10" 2 
Scm" 1 . 
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Example 3 

4 grams of a 20 wt. % solution of polyethersulfone in dimethylformamide 
5 were mixed with 0.8 gram of 12-tungstophosphoric acid hydrate, and 2 
mililiters of dimethylformamide. The mixture was homogenized to yield a clear 
viscous solution. The solution was cast on a glass plate and spread with a 
metal blade with a set film distance of 300 micrometer. The film was allowed to 
dry at room temperature after which it was removed from the glass plate. 
10 Approximately 25 cm 2 of composite membrane film was then conditioned in 25 
cm 3 of twice distilled water at 80 - 90 °C for 5 - 6 hours. The thickness of 
conditioned membrane measured with digital thickness gauge was 30 
micrometers. The ionic conductivity measured at 433 K and 100% relative 
humidity was 1 . 1 • 1 0" 2 Scm" 1 . 
15 . 

Example 4 

6 grams of a 17 wt. % solution of polyvinylidenefluoride (Figure 6) in 
dimethylformamide were mixed with 0.5 gram of 12-tungstophosphoric acid 
hydrate, 0.5 gram 1-butyl-3-methyl imidazolium hexafluorophosphate, 3 

20 mililiters of dimethylformamide and 1 mililiter of tetraethoxysilane. The mixture 
was homogenized to yield a clear viscous solution. The solution was cast on a 
glass plate and spread with a metal blade with a set film distance of 300 
micrometer. The film was allowed to dry at room temperature after which it was 
removed from the glass plate. Approximately 25 cm 2 of composite membrane 

25 film was then conditioned in 25 cm 3 of twice distilled water at 80 - 90 °C for 5 - 6 
hours. The thickness of conditioned membrane measured with digital thickness 
gauge was 60 micrometers. The ionic conductivity measured at 433 K and 
100% relative humidity was 3.8-1 0" 3 Scm* 1 . 



